PERFORMANCE MEASUREMENT SYSTEM WITH 
FLUORESCENT MARKERS FOR GOLF EQUIPMENT 



CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is a continuation-in-part application of U.S. Application No. 

09/782,278 filed on February 14, 2001, now pending, which is incorporated in its entirety by 
reference herein. 

FIELD OF THE INVENTION 

10 The present invention relates to a monitor system with optical wavelength 

discrimination and fluorescent markers. More particularly, the present invention relates to a 
system for monitoring kinematics of golf equipment and a method for use thereof. 

o 

% BACKGROUND OF THE INVENTION 

pi 5 Devices for measuring golf ball flight characteristics and club head swing characteristics are 

S.i known. For example, the golf ball or golf club head may be marked with at least one 

+ ; contrasting area, used to generate optical images that may be used to determine performance 

si 

M= characteristics. Some of these devices use retro-reflective tape or paint markers. Retro- 

reflective markers, however, result in a raised surface when placed on the golf ball and effect 
W20 flight performance of the golf ball. It would therefore be desirable to provide a system which 
y, measures the launch or flight characteristics of a golf ball using markers that did not 

substantially effect the flight performance of the golf ball. In addition, paint or ink-based 
markers and devices are ineffective in bright sunlight and do not provide sufficient optical 
discrimination of markers. 
25 Devices for measuring two sports objects in a single swing are known, 

however, these systems have drawbacks relating to outdoor functionality, portability, 
accuracy, and ease of use. Thus, a need exists for a monitor system to capture club motion 
data and ball motion data where the system is portable, easy to use, accurate, and adaptable 
for outdoor use. 

30 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and apparatus for measuring the 
flight characteristics of an object using flourescent optical markers. In particular, one 
embodiment contemplates a monitor system for measuring flight characteristics of an object, 
35 such as a golf ball and/or a golf club, with fluorescent markers. The flight characteristics are 
derived from data taken when the object is in a predetermined field-of-view. The system 
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preferably includes at least a lighting unit with a light filter and at least one camera unit with 
a camera filter. The lighting unit directs light in the direction of the object. This light is 
filtered through a light filter or produced from a narrow wavelength light source, e.g., light 
emitting diodes, to allow only selected wavelengths of the light to contact the object. The 
filtered light illuminates the object causing the fluorescent markers on the object to exhibit 
fluorescence, and thus producing a reflected light at a longer wavelength than the light 
emitted from the light source. The camera unit is pointed toward the object. The camera 
filter inhibits the passage of all wavelengths except those in a selected range so that only a 
portion of the reflected light passes through the camera filter and is transmitted to the camera. 

In one embodiment, the camera is a CCD camera with about 90,000 pixels or 
greater. In another embodiment, the camera has about 300,000 pixels or greater. In yet 
another preferred embodiment, the camera has about 1,000,000 pixels or greater. 

The monitor system may further include a second camera unit pointed toward 
the object. The second camera unit also has a camera filter. 

In one embodiment, the camera filter is a band pass filter. The bandwidth of 
the band pass filter may be about 60 nm or less; preferably about 30 nm or less, and more 
preferably about 1 5 nm or less. 

The light filter for use with the present invention may be a low pass filter. In 
one embodiment, the low pass cut off wavelength is at least 10 nm less than the center 
wavelength of the camera band pass wavelength. In another embodiment, the low pass cut 
off wavelength is at least 20 nm less than the center wavelength of the camera band pass 
wavelength. In one embodiment the light filter passes wavelengths of light less than 580 nm. 
Filters may have transmission of about 50 percent or greater, preferably about 70 percent or 
greater. In one embodiment, the filter transmission is about 85 percent or greater. 

In one embodiment of the present invention, the fluorescent marker is an 
orange-fluorescent pigment with a peak transmission around about 600 nm. In yet another 
embodiment, the monitor system also includes a computer that generates data from images 
produced by the camera units. These images result from the reflected light that reaches each 
camera through its camera filter. 

The present invention is also directed to a combination of an object, having at 
least one fluorescent marker, and a monitor system. The monitor system includes a discrete 
wavelength lighting unit and at least one camera unit. In one embodiment, a first light exits 
the lighting unit through a light filter towards the object so that only a portion of the first light 
passes therethrough to the object. 
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Alternatively, a light source that produces discrete wavelengths or a narrow 
spectrum of light, e.g., light emitting diodes, may be used. The first filtered light illuminates 
the fluorescent markers to produce an emission of a second light in the direction of the 
camera unit at a longer wavelength. 

In one embodiment, the camera unit includes an associated camera filter 
through which the second light travels. Only a portion of the second light passes through the 
associated camera filter, thereby producing a second filtered light transmitted to the camera. 

The present invention is also directed to a method for monitoring an object. 
The method includes the step of providing the object with at least one fluorescent marker. 
The method further includes directing a first light in the direction of the object, then filtering 
the light. The filtered light is reflected off of at least one fluorescent marker to produce a 
second light in the direction of at least one camera unit. One embodiment further includes 
filtering the second light to produce a second filtered light, and transmitting the second 
filtered light to the camera unit. 

According to another embodiment of the present invention, the invention is a 
combination of at least two objects and a monitor system for measuring data for the objects in 
a predetermined field-of-view. The first object includes at least one first marker with a first 
reflectance spectra. In one embodiment, the second object includes at least one second 
marker with a second reflectance spectra significantly different from the first reflectance 
spectra. The monitor system includes at least one camera pointed toward the predetermined 
field-of-view. Each camera may further include a switchable filter so that at a first time the 
filter has a first center wavelength and at a second time the filter has a second center 
wavelength. 

The present invention is also directed to a method of calculating club motion 
data and ball motion data using a monitor system. The method includes the steps of 
providing a club with at least one first marker with a first reflectance spectra; providing a ball 
with at least one fluorescent marker; and directing a light in a predetermined field-of-view. 
In one embodiment, the method further includes the steps of: reflecting the light off the at 
least one first marker to produce a first-reflected light; filtering the first-reflected light with a 
switchable filter at a first wavelength to produce a first filtered light; transmitting the first 
filtered light to a camera at a first and second time; changing the switchable filter to a second 
wavelength; reflecting the light of the at least one second marker to produce a second- 
reflected light; filtering the second-reflected light with the switchable filter set at the second 
wavelength to produce a second filtered light; and transmitting the second filtered light to the 
camera at a third and fourth time. 
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The present invention is also directed to a monitor system for measuring data 
for a club and a ball moving in a predetermined field-of-view. The system includes at least 
one camera with a filter pointed toward the predetermined field-of-view. Each camera 
obtains at least two club images in the predetermined field-of-view, and obtains at least two 
5 ball images in the predetermined field-of-view. The system may further include a computer 
to determine club motion data from the club images and ball motion data from the ball 
images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 FIG. 1 is a graph showing transmission curves of a band pass camera filter 

with a center wavelength of 605 nm and bandwidth of 34 ran; 
j** FIG. 2 is a graph showing transmission curves of low pass filters with cut off 

Q wavelength of about 560 and about 580 nm; 

!|s FIG. 3 is a graph showing a reflectance curve for two alternative flourescent 

!45 markers; 

"'-■X 

if FIG. 4 is an enlarged, perspective view of a teed-up golf ball for use according 

f to one embodiment of the invention; 

flj FIG. 5 is an enlarged, perspective view of a club head for use according one 

j*J embodiment of the present invention; 

j!20 FIG. 6 is a perspective view of the portable system of the invention; 

FIG. 7 is a top view of one arrangement of the system according to the present 

invention; 

FIG. 8 is a flow chart describing the general operation and calibration of the 
system of the present invention; 
25 FIG. 9 is a perspective view of a three-dimensional rectilinear field-of-view 

showing the golf ball at two different positions I and II according to the present invention; 
FIGS. 10-13 are graphical representations of pixel maps obtained by the cameras of the 
system according to one embodiment of the present invention; and 

FIG. 14 is a perspective view of a three-dimensional field-of-view of a club 
30 head moving partially therethrough and showing a measurable position A, a measurable 
position B, and a projected impact position C according to one embodiment of the present 
invention. 



4 



9015356 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention is related to a portable and accurate method and 
apparatus for measuring golf performance. In particular, the kinematic characteristics of an 
object are measured, such as a golf ball and a golf club, using at least one fluorescent marker, 
5 camera, filter, and central processing unit. The camera, lighting system, and markings on the 
object allow measurements, at discrete time intervals, of an object's position and orientation 
in a predetermined field-of-view. 

The apparatus includes at least one lighting unit, used to direct light in the 
direction of the object and filtered through at least one light filter, or otherwise controlled, to 
10 allow only selected wavelengths of the light to contact the object, and at least one camera 
unit, with at least one camera filter, configured to point toward the object. The light 
^ illuminates the object to cause the fluorescent markers to reflect light toward the camera. The 
p camera filter allows only a portion of the reflected light to pass through the camera filter and 
■= 4 ! be transmitted to the camera at selected moments in time. Optionally, a narrow spectrum 

3 s J 

1=15 light source may be used to eliminate the need for a filter on the lighting unit. Narrow 
2 spectrum light sources preferably include light emitting diodes. 

s The activation of the system is initiated through the use of a trigger that may 

ry respond to object position or sound. In response to the trigger signal, a first image of the golf 
ball and/or golf club in the predetermined field-of-view is taken. The actuation of the 

IJl 

rf 0 cameras are controlled through shuttering electronics and via strobes used to take a picture of 
the object several times. For example, if the camera sensing element is active for 1 ms (1000 
microseconds (us)), the strobe may fire two times, preferably once at t=0 and again at about 
t=800 jxs, producing, or "burning" two images of the markers on the camera's CCD. The 
camera system also includes a computer and monitor to process image data and determines 

25 the launch conditions of the object. Alternatively, an electronic shutter may be opened and 
closed rapidly, and a strobe light, remaining constant, may be used to acquire images of the 
markers at two discrete time intervals. 

In one embodiment, the trigger communicates via an asynchronous protocol 
with the camera to control activation. In another embodiment, the cameras and strobes are 

30 controlled and communicate using an IEEE 1394 bus. Control and communication using the 
IEEE 1394 bus, or the like, advantageously eliminates complex cables and allows for a 
compact lightweight monitor system. The trigger used in one embodiment of this system is 
an acoustic trigger. 

Although an acoustic trigger is used as the primary example to explain the 

35 system of the invention, a position-sensing trigger, e.g., an optical trigger, such as a laser or 
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other apparatus, can also be used to initiate the system. For example, a light beam and a 
sensor system may be used so that when the golf ball or club moves through the light beam, 
the sensor sends a signal to the system. When a laser is used, the laser may be arranged such 
that a trigger is initiated as soon as the ball moves. For example, the laser may be directed or 
5 trained toward the teed golf ball and the first image may be taken as or shortly after the golf 
ball leaves the tee. An example of a suitable commercially available laser-based optical 
trigger is Model LV-H32 available from Keyence Corporation of New Jersey. 

The Camera 

10 The camera used is preferably an electro-optical camera with a light-receiving 

aperture, shutter, and light sensitive silicon panel. One example of such a camera is discussed 
in U.S. Patent No. 5,575,719. Suitable commercially available cameras include, but are not 
p limited to, Sony XCD-X700 (available from Sony Electronics Inc., Park Ridge, New Jersey) 
j^- and DragonFly (available from Point Grey Research, Vancouver, B.C.). A charge coupled 
[45 device ("CCD") camera is preferred, but TV-type video cameras are also useful. In one 
r- embodiment, cameras based on CMOS technology are used. As discussed, the cameras may 
* communicate through and be controlled by an IEEE 1 394 bus or the like, 
il l In one embodiment, the camera has a digital resolution of about 90,000 pixels 

1=4 or greater. In another embodiment, the camera has a digital resolution of about 300,000 

y i 

c|0 pixels or greater, preferably, about 1,000,000 pixels or greater. 

i More than one camera may be used in the present invention. In an 

embodiment with a dual camera system, for example, the cameras are preferably 
asynchronous with external triggering capability and each have a digital resolution of about 
100,000 pixels or greater, preferably about 500,000 pixels or greater. Additionally, cameras 

25 having the digital resolution values described in the preceding paragraph may also be used. 

The camera is directed and focused on a predetermined field-of-view in which 
a golf ball moves and is imaged. The camera has a field-of view larger than necessary to 
image just a single golf ball. Thus, when using more than one camera, the predetermined 
field-of-view is the cameras' fields-of-view at the location where the cameras' lines-of-sight 

30 intersect. The angle between the cameras' lines of sight should be from about 0° to about 40°, 
preferably from about 10° to about 30°. 

The optical shuttering systems used in the present invention may have an 
electronic device to successively control, i.e., activate and passivate, the influence of light on 
the camera. A non-limiting example of such a shutter is a ferroelectric liquid crystal shutter. 
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Preferably, the time required to open and close the shuttering system is less than about 100 

US. 

The camera may be electrically connected to a microprocessor and a computer 

and monitor. 

5 

The Camera Filter 

The camera may be fitted with a filter to create greater contrast between the 
illuminated markers and other objects in the field-of-view. The filter used in the present 
invention is preferably a band pass filter used to inhibit wavelengths of light in selected 
1 0 ranges. The filter used in the present invention preferably has a center frequency, or center 
wavelength, around about 600 nm. Depending on the bandwidth of the filter used, e.g., 2, 10, 
20, 40 nm, also referred to as filter precision, wavelengths of light from about 560 nm to 
p about 640 nm may be allowed through the filter. 

*Hf s For example, FIG. 1 shows a transmission curve for a band pass filter, labeled 

145 BP. The horizontal axis of the graph is the emission wavelength in nanometers (nm) for light 
Z and the vertical axis of the graph is the transmission value in percentage of total light {e.g., a 

transmission of 100 percent would signify no loss of light and no absorbency by the filter), 
if I The peak transmission of about 65 percent occurs at an emission wavelength of about 605 
™ nm, labeled point CW, or the center wavelength. Bandwidth of the filter is determined at a 
rf 0 50% reduction of the peak transmission. For the curve BP, the 50% reduction of the peak 
transmission occurs at about 32% transmission, or about 588 nm, labeled as point BW„ and 
about 622 nm, labeled as point BW 2 . The width of the peak from point BW, to point BW 2 is 
about 34 nm, labeled BW. Therefore, all wavelengths of light less than about 588 nm and 
greater than 622 nm are significantly diminished via the band pass filter. Narrow bandwidths 
25 are preferred for bright light applications, such as outdoor use. 

In one embodiment, the camera filter used in the system of the invention is an 
orange-interference filter preferably mounted in front of the camera(s). Suitable filters 
include those from Andover Corporation of Salem, NH and Edmund Scientific Corporation 
of Tonawanda, NY. 

30 In another embodiment, a switchable filter is used. A recommended 

switchable filter is electronic and can change from a filter of one color to a filter of a different 
color in a short period of time. In one embodiment, the switchable filter is an optical filter 
with colors that are electronically tunable with a response or turning time of less than about 
500 u.s, more preferably a response time of less than about 50 us, with no moving parts or 
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vibration. In another embodiment, the switchable filter has a transmissibility about 60 
percent or greater, preferably about 80 percent or greater. 

In one embodiment, the switchable filter is able to alternate between three 
primary colors, e.g., an RGB filter that is switchable between red, green, and blue. A 
5 Varispec VS-RGB-GP liquid crystal tunable filter may be used to enable switching between a 
red filter and a green filter in about 250 us. When a Varispec filter and a black-and-white 
camera is used, the filter may be mounted in any suitable way as to situate the filter between 
the camera lens and the camera. 

10 The Lighting Unit 

The lighting unit used in the system of the invention may be a dual strobe 
lighting unit. The strobe light unit includes at least one flash bulb assembly, the related 
Fi circuitry, and a cylindrical flash tube. Preferably, the circuits used with the strobe light unit 
are similar to those disclosed in U.S. Patent No. 6,01 1,359, the entire disclosure of which is 
!=I5 incorporated herein by reference. In one embodiment, the dual strobe lighting unit includes 
=J two Vivitar Automatic Electronic Flash Model 283 strobe lights. In another embodiment, the 

system uses a dual strobe flash unit, such as those available from Unilux Inc., Saddle Brook, 
U \ New Jersey. In yet another embodiment, the flash unit is an LED strobe, such as 

W commercially available Model 5380 available from Illumination Technologies Inc., East 

IJ i 

rf 0 Syracuse, New York. One skilled in the art would appreciate that the lighting units described 
herein are exemplary of the light sources for use with the present invention without limiting 
or restricting the use of other light sources. 

In one embodiment of the invention, strobe lights are mounted to sequentially 
direct light, preferably filtered light, onto the predetermined field-of-view. The distance from 
25 the lighting unit to the object is preferably about 60 inches or less, and more preferably about 
30 inches or less. Short light bursts are desirable to prevent elongation of optical markers. In 
one embodiment, the duration of the light for a single burst may be less than about 100 us, 
preferably less than about 30 us. 

Alternatively, a flash unit with a single bulb and two separate discharge 
30 circuits may be used. Once the trigger signals the microprocessor, the strobe lighting unit 
sets off successive flashes and provides at least two bursts of light separated by less than 
about 2000 us. In another embodiment, the at least two bursts of light are separated by less 
than about 1000 us. 

The energy in a single burst of light may be greater than about 1.5 joules, and 
35 more preferably may be greater than about 3.0 joules; most preferably greater than 6 joules. 
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Preferably, the strobe light communication and control is performed via an 
IEEE 1394 bus, or the like. The delay between an external asynchronous trigger signal and 
the activation of the first light burst, as well as the delay time between successive light bursts, 
is dictated by software on the control computer and is transmitted to the strobe unit via the 
5 1 3 94 bus prior to activation. 

The Lighting Filter 

The filter used with the lighting system is mounted in any suitable way in front 
of the lighting unit to create a first filtered light. It is preferred that the excitation wavelength 
10 is distinct from the marker emission wavelength. While one skilled in the art would readily 
appreciate that there are several ways to accomplish this, one example is using a lighting filter 
:Z chosen to have a cut off wavelength less than the center wavelength of the camera filter. This 
□ allows for definitive contrast between the emission wavelength and the excitation wavelength 
}|j and, therefore, only the emitted light, i.e., the marker(s), will be imaged by the camera. The 
Ml 5 excitation light, i.e., the strobe light, would not be able to pass through the camera filter 
s i; because the wavelength would not meet the filter's pass criteria, 
f In one embodiment, the lighting filter is a low pass filter with a cut off 

jlj wavelength of at least about 10 nm less than the lower end of the marker emission 

i'-'i 

fd wavelength. For example, the low pass filter would have a cut off wavelength of about 10 

Ul 

£120 nm or less than point BW„ as previously described regarding FIG. 1 . In particular, if the 

band pass filter used with the camera has a central emission wavelength of about 605 nm and 
a bandwidth of about 34 nm, the low pass filter used with the lighting system should have a 
cut off wavelength of about 580 nm or less (FIG. 1). Any cut off wavelength is acceptable 
providing the excitation and emission wavelength curves do not intersect near the center 

25 wavelengths of the respective curves. 

The excitation wavelength preferably has a peak transmission at a center 
frequency or wavelength around about 450 nm. Lighting filters of the invention preferably 
have transmission of about 50 percent or greater, more preferably about 70 percent or greater. 
In one embodiment, the filter transmission is about 85 percent or greater. 

30 FIG. 2 shows an example transmission curve for a lighting filter of the present 

invention, labeled LF. The horizontal axis of the graph is the excitation wavelength in 
nanometers (nm) for light and the vertical axis of the graph is the transmission value, or 
excitation light emitted, in percentage of total light. The lighting filter curve LF shows a high 
transmission of about 79 percent occurring at point CI with an excitation wavelength of 

35 about 460 nm. A transmission curve for a comparison green filter, labeled GF, is included for 



9 



9015356 



comparison purposes only. This curve shows how a higher transmission (occurring at point 
C2) in the emission wavelength range (about 500 nm) negatively affects the contrast of the 
image because of the high degree of overlap with the emission wavelength curve. 

5 The Marker 

Fluorescent markers include pigments or dyes that release electromagnetic 
radiation while absorbing another form of energy, but cease to emit the radiation immediately 
upon the cessation of the input energy. For example, the fluorescent markers useful with the 
present invention may obtain excitation energy from the lighting unit but cease to fluoresce as 
10 soon as the lighting unit is no longer functioning. This feature may be beneficial in the 

present invention. For example, this phenomena enables dual strobing to capture two discrete 
p groups of markers on a single image frame with minimal blurring that might result from a 
m slow decay of fluorescence. 

j * Fluorescent markers may be identified by spectral emission tests. Spectral 

!- ; 

H5 emission tests may be performed using, for example, the MacBeth Color-Eye 7000A in the 
v. specular excluded and UV included modes. Fluorescent markers typically have reflectance 
jijj values exceeding 100 within the visible spectrum. 

!|5 When a fluorescent marker is used with the present invention, the marker is 

preferably made of orange-fluorescent pigment, although other pigments may be used. The 

20 orange-fluorescent pigment can be from a variety of sources, for example, those 

manufactured by Dayglo Corporation of Cleveland, Ohio, Binney & Smith of Easton, PA 
(LIQUITEX®), and Kuretake Company of Japan. 

FIG. 3 shows reflectance curves for two orange-fluorescent pigments. FIG. 3 
has a reflectance curve labeled D for the Dayglo pigment and a reflectance curve labeled K 

25 for the Kuretake pigment. The horizontal axis of the graph is a wavelength in nanometers 
(nm), and a vertical axis of the graph is a reflectance indicating the percentage of the light 
reflecting for a given wavelength. Reflectance is the amount of light that reflects off a given 
marker. For the Kuretake pigment (curve K), the highest or primary reflectance of about 200 
percent occurs at point C3 with a wavelength of about 600 nm. For the Dayglo pigment 

30 (curve D), the highest or primary reflectance of about 1 60 percent occurs at point C4 with a 
wavelength of about 600 nm. Thus, the Kuretake pigment has better reflectance than the 
Dayglo pigment, however, either can be used in the system of the present invention. The 
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curves K and D have the greatest reflectance over a range from about 560 nm to about 640 
nm, and centered at the primary wavelength of about 600 nm. 

The marker(s) can be applied to the golf ball or golf club using any suitable 
method known to those of ordinary skill in the art, e.g., pad printing, foil transfer, marking 
pens, and spray painting. 

When monitoring a golf club and a golf ball simultaneously, it is preferred that 
the markers for the club and ball are distinguishable from each other. This may be 
accomplished by using markers of different sizes, shapes orientation, peak optical reflective 
wavelengths, or any combination thereof. Additionally, different types of markers for the 
club and the ball may be used. For example, the club may be marked with a fluorescent 
marker and the ball may be marked with a retro-reflective marker. Another example would 
be to use a diffuse-reflective circular marker on the ball and a triangular fluorescent marker 
on the club. 

In one embodiment, the club marker has a first reflectance spectra and the ball 
marker has a second reflectance spectra. In another embodiment, the first reflectance spectra 
has a first primary response wavelength and the second reflectance spectra has a second 
primary response wavelength. In another embodiment, the first and second primary response 
wavelengths are separated by about 50 nm or greater. In yet another embodiment, the first 
and second primary response wavelength are separated by about 100 nm or greater. In one 
embodiment, the first primary response wavelength is 500 nm or greater, and the second 
primary response wavelength is about 600 nm or greater. 

At least one marker should be used on the golf equipment, although it is 
preferred that at least two markers are used. In general, the markers should be positioned so 
that they reflect light from the golf ball or club in the predetermined field-of-view back to the 
camera(s) used to capture the images. In one embodiment, six or more markers are used on a 
golf ball and three or more markers are used on a golf club. 

The placement of the markers on the golf ball or club can be changed in ways 
known to those of ordinary skill in the art. A non- limiting example, shown in FIG. 4, 
includes a golf ball 60 having six reflective markers, 60a- f, thereon. The marker 60f is 
centrally located on the ball and the markers 60a-e are disposed thereabout. The angle 
between the non-central markers 60a-e is designated as p. It is recommended that the angle P 

is between about 10° and about 40°. Most preferably, the angle P is about 30°. Although six 
markers are shown, a single line or as few as two markers or as many as eleven markers can 
alternatively be used on the ball. Another non- limiting example, shown in FIG. 5, includes a 
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golf club 72 with a club head 74, a hosel 76, and a shaft 78. Three reflective markers, 72a-c, 
are placed at designated places on the club: 72a is located on the toe of the club head 74; 72b 
is located on the free end of the hosel 76; and 72c is located on the shaft 78. Alternatively, 
two markers can be placed on the toe and one on the hosel, or one marker can be placed on 
the toe and two markers can be placed on the hosel. Any arrangement of the markers on the 
golf ball or golf club is acceptable providing that the markers can reflect light back to the 
camera system. 

As shown in FIG. 5, markers 60a-f and 72a-c may be rounded or circular in 
shape. If circular markers are used, it is preferred that the diameters of the markers are from 
about 0.05 inches to about 0.25 inches, more preferably about 0.1 inches to about 0.2 inches, 
and most preferably about 0.18 inches. The markers of the invention, however, are not 
limited to a circular shape, specific size, or diameter shown in the example. 

The Monitor 

The monitor used in the system may be an electronic character or graphical 
display that can be viewed outdoors. In one embodiment, the monitor display has an optical 
intensity of at least 500 candela per square meter (nit). The display may also be a liquid 
crystal display (LCD) or light-emitting diode (LED) display. In the embodiment using the 
LCD, the LCD preferably utilizes super twisted nematics (STN) or thin film transistor (TFT) 
technology. 

In one embodiment, a touch screen is used to overlay a bright LCD panel. The 
operation of the touch screen system is based on capacitive, resistive, or optical techniques. 
In this embodiment, the operator may use the touch screen to display, store, or send collected 
kinematic data or to adjust system parameters prior to and after collecting the kinematic data. 

The System 

Preferably, the system of the invention weighs less than about 50 pounds and 
more preferably weighs less than about 25 pounds. In addition, preferably, the physical 
volume of the system is less than about 2 cubic feet. The entire system 10 (i.e., the camera, 
filters, lighting unit, central processing unit, and display) may be contained within a single 
housing capable of being carried with a handle 10a (shown in FIG. 6). 

One suitable arrangement of the system, a portable, dual-camera monitoring 
system, is shown in FIG. 7. Other arrangements of the system, briefly discussed here, and 
fully detailed in co-pending U.S. Patent Application No. 09/782,278, include dual-camera 
systems, single camera systems, and systems for monitoring both the golf ball and the golf 
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club simultaneously. Examples of other system arrangements are discussed in U.S. Patent 
No. 6,241,622, the disclosure of which is incorporated in its entirety herein. 

Monitoring system 10 includes a lighting box 40 and camera units 36, 38. In 
this embodiment, the lighting box 40 contains a centrally disposed trigger 41 and a dual 
5 strobe lighting unit 42. In other arrangements of the system, the trigger may be separate from 
the lighting unit. Filter 44 is disposed in front of the dual strobe lighting unit 42. Cameras 
36, 38 are directed to the predetermined field-of-view, for example toward golf ball 60. 
Camera fdters 50a, 50b are disposed in front of cameras 36, 38. 

A single camera system is similar to system 10, however, the system includes 
10 a single camera unit, a single filter, an adjacent trigger contained in a lighting box, and a light 
source. 

Nj; A ball camera and club camera system allow for simultaneous golf club and 

Q golf ball monitoring. 

j*j The system is similar to system 10, however, the system may also include a 

i li 

1=45 club monitor, a ball monitor, a microprocessor, and a computer and monitor. The club 
si monitor includes a first club camera, a spaced second club camera, and a lighting box. Club 
* filters are disposed in front of each club camera. The club monitor further includes a strobe 
h i- light unit and a trigger within the lighting box. The ball monitor is similar to the club 

monitor and includes a first ball camera, a spaced second ball camera, and a lighting box. 

5-3 j 

i:;20 The ball monitor further includes a strobe light unit within the lighting box and ball filters are 
disposed in front of each ball camera. 

In this arrangement, the club filters are preferably different colors from the 
ball filters. For example, the club filters can be red and the ball filters can be green. Such 
club filters allow the club cameras to view the strobe flashes, as reflected from the markers, in 
25 a red wavelength and such ball filters allow the ball cameras to view the strobe flashes, as 
reflected from the markers, in a green wavelength. 

Another arrangement of the system, detailed in U.S. Patent Application No. 
09/782,278, includes a strobe lighting unit with four capacitors and at least one camera unit 
that is preferably a black-and-white CCD camera with a switchable filter with placement in 
30 front of the camera, as previously discussed. This arrangement includes at least one club 
motion sensor, the number of sensors corresponding with the number of cameras. The 
sensors are preferably photoelectric sensors manufactured by Tritronics and preferably used 
with a reflective mount as described in U.S. Patent Application No. 09/782,278. 

35 
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Calibration and Operation 

The general calibration and operation of the system is shown in FIG. 8 in steps 
S101 to SI 16. The first step (Step S101), the system starts and determines if this is the first 
time the system has been used. By default, the system uses the last calibration when first 
5 activated. Therefore, the system should be calibrated each time it is moved and/or turned on. 

After starting up the system, calibration begins to define the coordinate system 
to be used by the system (Step SI 02). The details of the calibration step are disclosed in U.S. 
Patent No. 6,241,622. For example, a single camera system may be calibrated through 
calculation of the distance between dots. 

1 0 Optional telescoping distance calibrators 64, 66 may also be used in the 

system 10, as shown in FIG. 7. The telescoping members are used in calibrating the 
monitoring system 10 at the appropriate distance from an object to be monitored. Distance 
calibrators 64, 66 are extendable members such as conventional radio antennae. 

After the system is calibrated, operating parameters are defined (Step S103), 

1 5 i. e. , left- or right-handed orientation depending on the golfer to be tested. The selection of the 
left-handed orientation requires one set of coordinates to be used for the left-handed golfer 
while the right-handed system requires the use of another set of coordinates. Step SI 03 also 
involves setting the system in either test or demonstration mode. If the test mode is selected, 
the system saves the test data. In the demonstration mode, the system does not save the data. 

20 Additional data specific to the location of the test and the golfer is entered during Step 103. 
The operator may optionally enter data for ambient conditions, e.g. , temperature, humidity, 
wind speed and direction, elevation, and type of turf to be used in making the calculations for 
the golf ball flight, roll, and total distance. The operator may also optionally input the 
personal data of the golfer, e.g., name, age, handicap, gender, golf ball type, and golf club 

25 used (type, club head, shaft). 

After this data is entered, the system is ready for data collection or 
demonstration (Step SI 04). Steps S105-S107 involve the use of several algorithms stored in 
the system computer to determine the location of the golf ball and/or golf club relative to the 
monitor. After the computer has determined the location of the golf ball or club from the 

30 images, the system (and computer algorithms) determine the launch conditions. These 

determinations, which correspond to Steps SI 05, SI 06, and SI 07, include locating the bright 
area(s) in the images, determining which of those bright areas correspond to the marker(s) on 
the golf ball, and, then using this information to determine the location of the golf ball from 
the images, and calculate the launch conditions, respectively. 
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The use of the system may be explained using the dual-camera system of FIG. 
7, however, the general concept remains the same when using other variations of the system, 
for example, a single camera system, a ball and club monitoring system, or a system using a 
narrow spectrum light source. The trigger 41 communicates to control the activation of the 
5 dual strobe lighting unit 42 and cameras 36, 38 to capture images. The dual strobe lighting 
unit 42 sets off successive flashes and light L is directed through the filter 44 creating a first 
filtered light FL with a wavelength centered around about 450 ran. Filtered light FL may be 
directed toward the golf ball 60 and reflected back from the markers 60a-f, as described in 
FIG. 4, as reflected light RL, and RL 2 . RL 1 and RL 2 pass through camera filters 50a, 50b, 
10 respectively, so only portions of RL 1 and RL 2 are transmitted through as camera filtered light 
FL t and FL 2 , respectively. FL, and FL 2 preferably have center wavelengths of light from 
H; about 560 run to about 640 nm. FL, and FL 2 allow light to pass to the cameras 36, 38, 

respectively, to produces two images of the ball at positions I and II, as shown in FIG. 9, in a 
single image frame. 

hi 5 A marked golf ball 60 is shown as described according to FIG. 4, in the three- 

's, i 

2 dimensional, predetermined, rectilinear field-of-view (shown in phantom) of FIG. 9, as 
* imaged after being struck in two positions (I and II) at two distinct points in time. The 
j | i camera filtered light FL1, FL2 each produce an image of the ball 60 at position I. The strobe 

Q light 42 is pulsed so that the filtering sequence above is repeated after a short time interval, 

Ml 

p20 preferably about 800 us, to produce a second ball image 60 at position II. 

H 5 At Step SI 05, the system analyzes the images recorded by a silicon panel in 

the camera, by locating the bright areas in the images. FIGS. 10-11 are graphical 
representations of the pixel maps for both cameras 36, 38. The bright areas in the images, 
e.g., 60a' -f\ correspond to the first filtered light (FL) from the strobe lighting unit reflecting 
25 off of the markers as RLj and RL 2 , passing through the camera filters 50a and 50b, and 
coming out as FL, and FL 2 . 

Specific to the ball camera and club camera arrangement, Step SI 04, involves 
a first swing sensor that sends a signal to the microprocessor to tell the computer to "arm" the 
ball cameras, during the club back swing, so that they are ready to fire when signaled. 
30 "Arming" the ball cameras clears and readies the panel within the CCD camera to be 
activated. The arming of the ball camera prior to taking images is due to the particular 
cameras used. If other cameras are used that more quickly clear and ready the panel, this step 
and an additional sensor may not be necessary. The signal is also sent to the microprocessor 
so that it is ready for the signal from a second swing sensor. 



15 



9015356 



After the ball cameras have been "armed", the second sensor causes the club 
monitor to strobe twice and produce light in the direction of the club on the club downswing. 
The light reflects off the club markers 72a-c, at positions A and B as shown in FIG. 14. The 
reflected light passes through the club filters and then is transmitted to the cameras sensory 
grid panels that are exposed. The club monitor strobes during the same exposure of the 
sensory grid panels so that the filtered light produces two images of the club head at position 
A and B in a single frame and the ball on the tee. 

Graphical representations of the pixel maps for the club cameras are shown in 
FIGS. 12-13. The system should find six bright areas that represent the club markers 72a' -c'. 

The ball and club markers are preferably arranged as discussed above and 
shown in FIGS. 4 and 5. The ball and club markers used should correspond to the ball and 
club filters {e.g., when green ball filters and red club filters are used, green ball markers and 
red club markers, respectively, can be used). The ball and club markers, as previously 
discussed, could differ, e.g, the ball markers can be fluorescent and the club markers can be 
retro-reflective. 

Referring to the system using switchable filters briefly outlined above, and 
explained here using two cameras 36, 38, Step SI 04 begins with the operation of a first club 
motion sensor when the club 72 moves through the player's back swing. The sensor sends a 
signal to a microprocessor to tell the computer 70 to open the shutter of the cameras 36, 38 
that are stereo-viewing the scene. The signal is also sent to the microprocessor to prepare for 
the signal from a second club motion sensor. 

On the downswing, the beam from second club motion sensor is broken and a 
strobe light flashes twice. With each light flash from the strobe lighting unit 42, electrical 
energy from a capacitor is drained, in particular, the downswing drains the electrical energy 
from two of the four capacitors. The light reflected off the club markers 72a-c is filtered by 
the switchable filters in a corresponding filter mode (e.g., red retro-reflective club markers 
and a red filter). A trigger 41 , i.e., a microphone, senses the sound of the collision of the golf 
club 72 with the golf ball 60 and provides a signal to the microprocessor to switch the filter 
from the first filter to the second filter, i.e., converts from red to green, or from "on" to "off. 

After the filters are switched, a sequence of two flashes of light are then fired 
by the strobe light from the electrical energy stored in the remaining two capacitors. The 
light of the last two strobe flashes reflect off the reflective markers 60a-f on the golf ball 60, 
are filtered by the second filter, and then transmitted to the cameras 36, 38. The use of the 
second filter allows the club markers 72a-c, also included in the field-of-view, to be filtered 
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out of the image. As previously discussed with respect to system 10, this arrangement of the 
system captures two images of both the club 72 and ball 60. 

The system can then determine which of the bright areas correspond to the 
markers at Step SI 06. This analysis, which can be done in several ways, is discussed in 
detail in U.S. Patent No. 6,241,622. 

If the correct number of dots are found in the image, the system moves on to 
step SI 07 to determine, from the dots in the images, the position and orientation of the golf 
ball and/or club during the first and second images. However, if there are more or less than 
the expected dots or bright areas found in the images, Step SI 08 allows the operator to 
manually filter the images. If too few bright areas are located, the operator may adjust the 
image brightness, and if too many bright areas are present, the operator may delete them. In 
some instances, the bright areas in the images may be reflections off of other parts of the golf 
ball or off the golf club head. If it is not possible to adequately adjust the brightness or 
eliminate those extraneous bright areas, then the system returns the operator to Step SI 04 to 
have the golfer hit another golf ball. If the manual editing of the areas is successful, however, 
then the system goes to Step SI 07. 

At Step SI 07, the system uses the identification of the markers in step SI 06 to 
determine the location of the centers of each of the markers in the images. Knowing the 
location of the center of each of the markers, the system can calculate the golf club's speed, 
loft angle, attack angle, path angle, face angle, droop angle, loft spin, face spin, droop spin, 
and hit location. In addition, the system can calculate the ball's velocity, launch angle, 
backspin, side angle, side spin rifling spin, carry distance, direction, carry and roll distance. 
Detailed information regarding the analysis of the images is in U.S. Application No. 
09/782,278. 

After the spin rate, velocity, and direction are calculated, the system uses this 
information, as well as the ambient conditions and the golf ball information entered at Step 
S103 to calculate the trajectory of the golf ball during the shot (Step S109). The system 
estimates where the golf ball lands or carries, how far it rolls, and gives a total distance for 
the shot. Because the system is calibrated in three dimensions, the system also is able to 
calculate if the golf ball has been sliced or hooked, and how far the ball is offline, as 
discussed in U.S. Patent No. 6,241,622. 

This information (i.e., the golfer's launch conditions) is then presented to the 
golfer at Step S 1 10, in numerical and/or graphical formats. At Step S 1 1 1, the launch 
conditions can be modified to calculate the same information but for the hypothetical use of a 
different golf ball (e.g., two-piece as compared to a three-piece golf ball). It is also possible 
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to determine the effect a variation in any of the launch conditions (e.g., golf ball speed, spin 
rate, and launch angle) would have on the results. 

Step SI 12 provides the golfer the option to take more shots by returning the 
system to Step SI 04. For example, if the system is in test mode and the golfer takes a variety 
5 of shots, Step SI 13 can calculate the average of all shot data accumulated during the session. 
Step SI 14 provides ideal launch conditions for the golfer's specific capabilities, thereby 
allowing the golfer to make changes and maximize distance. After completing the session, 
Step SI 15 allows the golfer to start a new test with a new golf club or to end the session at 
Step SI 16. 

10 Thus, the system of the invention can be used to determine the kinematics of 

two colliding objects, where the measured kinematics data may be compiled into a database 
and the database can be accessible to a large user group via the internet or internet networks 

: '5 

p of computers that are linked in a conventional manner. The present invention is also directed 
to a computer providing on-course kinematic data acquired by the present system. This data 
y\ 5 may be posted on a computer and transmitted via the internet or intranet computer networks. 

2 This data may be provided, for example, for a fee that the computer may process. The data 

'¥ 

* could also be sent from a golf pro shop to a club or ball manufacturer for equipment 

; :• 

n j purchases or recommendations for a specific golfer. 

Q While the above invention has been described with reference to certain 

m 

f€0 preferred embodiments, it should be kept in mind that the scope of the present invention is 
not limited to just these embodiments. One skilled in the art would recognize numerous 
variations of the embodiments described herein without departing from the spirit and scope of 
the invention. For example, the system could be battery operated or include more than two 
cameras. In addition, the operating system could be an embedded computer or controlled 

25 with programmable logic controllers (PLC). Different markers or paints are possible, as well 
as the use of laser diodes with a narrower light range to avoid the use of filters. The invention 
may also include remote capability based on radio or infrared frequency. In addition, features 
of one embodiment can be combined with features of another embodiment. One skilled in 
the art may find other variations of the preferred embodiments which, nevertheless, fall 

30 within the spirit of the present invention, whose scope is defined by the claims set forth 
below. 
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